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BUMP STRUCTURE FOR A
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of application Ser. No.
11/091,869, filed Mar. 29, 2005, now abandoned which
claims priority on Korean Patent Application No. 2004-
00235853, filed on Apr. 14, 2004 in the Korean Intellectual
Property Office, which are both incorporated herein by refer-
ence 1n their entirety.

BACKGROUND OF THE INVENTION

A number of different techniques exist for providing elec-
trical connection between a semiconductor chip or package
and a circuit board or other substrate. The current trend 1n
many of these techniques 1s the use of solder bumps to form
clectrical connections instead of wire bonding. For example,
bumps are used 1n such techniques as tape carrier package
(TCP), chip on film (COF), and chip on glass (COG). Often
techniques such as TCP and COF are more broadly referred to
as tape automated bonding (TAB).

While bumps provide an advantage over wire bonding by
allowing for a reduction 1n the spacing between the solder
bumps as compared to the spacing between wire bonds, even
bump techniques face potential limitations on the spacing
between the bumps. For example, 1n the COG technique, a
semiconductor chip (e.g., a liquid crystal display (LCD)
driver integrated circuit (IC) package) may be bonded
directly to the LCD substrate. In this technique, ACF (aniso-
tropic conductive film) tape 1s disposed between pads of the
LCD substrate and the associated bumps on the driver IC
package to form the electrical connection. ACF tape contains
clectrically conductive particles that are embedded 1n an 1nsu-
lating maternial. The conductive particles provide electrical
connection between the solder bumps and the pads on the
LCD substrate. As the gap between bumps, however,
becomes smaller, the particles 1n the ACF tape may provide
clectrical connection between bumps; thus, causing a short
circuit.

SUMMARY OF THE INVENTION

The present invention provides a bump structure that
removes barriers on the spacing between solder bumps of
semiconductor chips or packages. As such, the present inven-
tion allows for smaller and thinner semiconductor devices.

In one exemplary embodiment, a plurality of bump struc-
tures are arrayed along a substrate 1n a first direction. Each
bump structure has a width in the first direction greater than a
pitch gap between successively arrayed bump structures. The
pitch gap may be thought of as a gap measured at the substrate
along the first direction between planes of facing sidewalls of
the successively arrayed bump structures. At least one bump
structure has a sidewall facing 1n the first direction that 1s
non-conductive. Because the sidewall 1s non-conductive,
conductive particles disposed between this bump and the
bump adjacent to the non-conductive sidewall should not
form a short circuit between the two bumps.

In one exemplary embodiment, each bump structure has at
least one non-conductive sidewall facing in the first direction.

In another exemplary embodiment, each bump structure
has two oppositely facing non-conductive sidewalls facing in
the first direction.
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In a further exemplary embodiment, each bump structure
has one non-conductive sidewall facing in the first direction
and one conductive sidewall facing 1n the first direction such
that the conductive sidewall does not face the conductive
sidewall of another bump structure.

In a still further exemplary embodiment, the array of bump
structures alternate from a first type to a second type. The
bump structure of the first type has two oppositely facing
non-conductive sidewalls that face in the first direction, and
the bump structure of the second type has two oppositely
facing conductive sidewalls that face 1n the first direction.

In association with any of the above described embodi-
ments, the successively arrayed bump structures may be dis-
posed oflset from one another in a second direction along the
substrate.

An exemplary embodiment of the present invention also
includes a plurality of bumps arrayed along a substrate 1n a
first direction and a plurality of conductive lines formed in a
second direction. Each conductive line 1s associated with one
of the bumps, and each conductive line 1s disposed over a top
surface ol the associated bump and over two oppositely facing
sidewalls of the bump; the two oppositely facing sidewalls
facing 1n the second direction. Each conductive line extends
over the substrate from each of the two oppositely facing
sidewalls. Because of this, the conductive line assists in main-
taining the associated bump adhered to the substrate.

Other exemplary embodiments of the present invention
provide for methods of forming the above described embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below and the
accompanying drawings, wherein like elements are repre-
sented by like reference numerals, which are given by way of
illustration only and thus are not limiting of the present inven-
tion and wherein:

FIG. 1 illustrates a semiconductor device having a bump
structure according to an exemplary embodiment of the
present invention;

FIG. 2 1llustrates a cross-section of the substrate shown 1n
FIG. 1 along line II-II;

FIG. 3 illustrates a cross-section of the substrate shown 1n
FIG. 1 along line III-III;

FIG. 4 illustrates a semiconductor device having a bump
structure according to an exemplary embodiment of the
present invention;

FIG. 5 1llustrates a cross-section of the semiconductor
device shown 1n FIG. 4 along line V-V;

FIG. 6 illustrates a semiconductor device having a bump
structure according to an exemplary embodiment of the
present invention;

FIG. 7 illustrates a cross-section of the semiconductor
device shown 1n FIG. 6 along line VII-VII;

FIG. 8 illustrates a semiconductor device having a bump
structure according to an exemplary embodiment of the
present 1nvention.

FIG. 9 illustrates a top down view ol a semiconductor
device having three groups of bump structures;

FIGS. 10A-15B 1llustrate an embodiment of a method of
fabricating a bump structure according to the present mnven-
tion where FIGS. 10A, 11A, 12, 13A, 14 and 15A represent

cross-sectional views of the substrate during the fabrication
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process, and FIGS. 10B, 11B, 13B and 15B represent top
down views of the substrate during the fabrication process.

DETAILED DESCRIPTION OF
EMBODIMENTS

EXEMPLARY

The present invention provides a bump structure that
removes barriers on the spacing between solder bumps of
semiconductor chips or packages. As such, the present inven-
tion allows for smaller and thinner semiconductor devices.
First, several structural embodiments according to the present
invention will be described followed by a description of a
method for forming a bump structure according to the present
invention.

First Structural Embodiment

FIG. 1 illustrates a semiconductor device having a bump
structure according to an exemplary embodiment of the
present invention. As shown, bump structures 100 are arrayed
on an insulating layer 202 over a substrate 200 1n a {first
direction 1ndicated by a double headed arrow A. Each bump
structure 100 includes a non-conductive bump 102. The non-
conductive bump 102 has two oppositely facing sidewalls 104
that face 1n the first direction and two oppositely facing side-
walls 106 that face 1n a second direction, substantially per-
pendicular to the first direction, indicated by a double headed
arrow B.

In one example embodiment, each bump 102 has a height
H 012 to 30 um, a width Wb o1 10 to 50 um and a length of 20
to 200 um.

Each bump structure 100 also includes a conductive layer
108 disposed over a top surface of an associated bump 102
and each sidewall 106 facing 1n the second direction. The
conductive layer 108 on the bump 102 forms part of a con-
ductive line 110 that extends a shorter distance over the sub-
strate 200 from one sidewall 104, and extends a longer dis-
tance over the substrate 200 from the other sidewall 104. As
shown, the conductive line 110 extends 1n the second direc-
tion. The longer extension of the conductive line 110 leads to
an associated chip pad 204 where the conductive layer 110 1s
clectrically connected to the associated pad 204. As will be
appreciated the pad 204 provides electrical connection
between the conductive line 110 and circuitry (not shown)
formed on the substrate 200.

FI1G. 2 1llustrates a cross-section of the substrate shown in
FIG. 1 along line II-1I and FI1G. 3 illustrates a cross-section of
the substrate shown in FIG. 1 along line III-III. While not
shown 1in FI1G. 1 for the purposes of clarity, the bump structure
according to this embodiment of the present invention further
includes a passivation layer 180 formed over portions of the
substrate 200 as shown i FIGS. 2 and 3.

FI1G. 2 shows the pitch gap PG between consecutive bump
structures 100 i FIG. 1. The pitch gap PG 1s the distance
between two bump structures; and more particularly, may be
the gap as measured at the substrate 200 or passivation layer
180 along the first direction between the planes 1n which
facing sidewalls 104 of the successively arrayed bump struc-
tures 100 lie. In this embodiment, the width Wb of the bump
structure 100 1s greater than the pitch gap PG. For example,
the pitch gap PG may be about 10 um.

Because the pitch gap PG 1s less than the width WBb of the
bump structure 100, a short circuit when using, for example,
an ACF tape might be expected. However, because the side-
walls 104 of the bump structures 100 facing 1n the first direc-
tion are non-conductive, such short circuits are prevented.
Consequently, the present invention provides a bump struc-
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4

ture that removes barriers on the spacing between solder
bumps of semiconductor chips or packages. As such, the
present invention allows for smaller and thinner semiconduc-
tor devices.

Second Structural Embodiment

FIG. 4 illustrates a semiconductor device having a bump
structure according to an exemplary embodiment of the
present invention, and FIG. 5 illustrates a cross-section of the
semiconductor device shown i FIG. 4 along line V-V. As
shown, the embodiment of FIG. 4 1s the same as the embodi-
ment of FIG. 1 except for the bump structures. In the embodi-
ment of FIG. 4, each bump structure 100' 1s the same as the
bump structure 100 shown 1n FIG. 1 except that the conduc-
tive layer 108 covers a same one of the sidewalls 104 facing in
the first direction. As such, the conductive sidewall 104 of one
bump structure 100 faces a non-conductive sidewall 104 of
another bump structure 100.

Because one of the sidewalls 104 of the bump structures
100 facing in the first direction are non-conductive, short
circuits are prevented. Consequently, the present invention
provides a bump structure that removes barriers on the spac-
ing between solder bumps of semiconductor chips or pack-

ages. As such, the present invention allows for smaller and
thinner semiconductor devices.

Third Structural Embodiment

FIG. 6 illustrates a semiconductor device having a bump
structure according to an exemplary embodiment of the
present invention, and FIG. 7 illustrates a cross-section of the
semiconductor device shown 1n FIG. 6 along line VII-VII. As
shown, the embodiment of FIG. 6 1s the same as the embodi-
ment of FIG. 1 except for the bump structures. The embodi-
ment of FIG. 6 includes two alternating types of bump struc-
tures. The first type of bump structures 100 are the same as the
bump structure 100 shown 1n FIG. 1. The second type of
bump structures 100" are the same as the bump structure 100
shown 1n FIG. 1 except that the conductive layer 108 covers
both of the sidewalls 104 facing 1n the first direction. How-
ever, because the two types ol bump structures alternate along
the first direction of the substrate 200, a conductive sidewall
104 of the second type of bump structure 100" faces a non-
conductive sidewall 104 of the first type of bump structure
100. As a result, short circuits are prevented. Consequently,
the present invention provides a bump structure that removes
barriers on the spacing between solder bumps of semiconduc-
tor chips or packages. As such, the present invention allows
for smaller and thinner semiconductor devices.

Fourth Structural Embodiment

FIG. 8 illustrates a semiconductor device having a bump
structure according to an exemplary embodiment of the
present invention. As shown, the bump structure 1n FIG. 8 1s
the same as the bump structure shown 1n FIG. 1, except that
the successively arrayed bump structures are dlsposed offset
from one another 1n the second direction. More specifically,
the bump structures 100 are divided into two groups. The
bump structures 100-1 1n the first group have shorter conduc-
tive lines 110 than the bump structures 100-2 1n the second
group, and bumps structures 100-1 of the first group alternate
with bump structures 100-2 of the second group 1n the first
direction.

As will be appreciated, offsetting the bump structures 100
as shown 1n FIG. 8 further assists in preventing possible short
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circuits. Because successive bump structures 100 are not
aligned, a short circuit 1s less likely to occur, and because the

gap between aligned bump structures 1s large (e.g., greater
than 20 um), a short circuit 1s less likely to occur.

While the embodiment of FIG. 8 has been shown and
described using the bump structures 100 of FIG. 1, 1t will be
appreciated that this embodiment may be used 1n conjunction
with the bump structures of any of the previously described
embodiments.

Furthermore, while two groups of aligned bump structures
have been illustrated, 1t will be appreciated that more than two
groups ol bump structures, each otlset from the other, may be
tormed. FI1G. 9 illustrates a top down view of a semiconductor
device having three groups of bump structures 100.

Method Embodiment

Next, a method of fabricating a semiconductor device hav-
ing a bump structure according to the present mvention will
be described. For the purposes of example only, the method
will be described with respect to the fabrication of the bump
structure 100 1illustrated in FIG. 1. The method will be
described with respect to FIGS. 10A-15B where FIGS. 10A,
11A,12,13A, 14 and 15A represent cross-sectional views of
the substrate during the fabrication process, and FIGS. 10B,
11B, 13B and 15B represent top down views of the substrate
during the fabrication process.

As shown 1n FIGS. 10A and 10B, the process begins with
a substrate 200 having chip pads 204 formed thereon. For the
purposes of clarity, only a single chip pad has been shown.
Also, for clarity, the devices, circuits, etc. to which the chip
pad 204 1s electrically connected have not been shown. A first
passivation layer 202 1s formed over the substrate 200 and
then patterned to expose a portion 225 of the chip pad 204.
The first passivation layer 202 may be SiN, S102, or SiN+
S102, and may be formed by chemical vapor deposition
(CVD).

Next, a dielectric layer such as polyimide, BCB (Benzo
Cyclo Butane), PBO (polybenzo oxazole), photosensitive
resin, etc. 1s formed over the substrates; for example, by spin
coating. The dielectric layer may be formed to a thickness of
2-30 um. Then, the dielectric layer 1s patterned using a mask
to form non-conductive bumps 102 as shown 1n FIGS. 11A
and 11B. The bumps 102 will have a height of 2-30 um, may
have a width of 10-50 um and a length of 50-200 um. In one
example embodiment, the width 1s 20 um and the length 1s
100 um.

As shown 1n FI1G. 12, a first metal layer 140 1s formed over
the substrate 200. The first metal layer 140 may have a thick-
ness 01 0.05-1 um. The first metal layer 140 may be formed of

any metal having good adhesive properties and low electrical
resistance such as T1W, Cr, Cu, T1, N1, N1V, Pd, Cr/Cu, TiW/

Cu, TiW/Au, N1V/Cu, etc. Also the first metal layer 140 may
be formed by a pressure vapor deposition (PVD) process,
clectro or electroless plating, etc. Also the first metal layer
140 may be formed by a pressure vapor deposition (PVD)
process, electro or electroless plating, etc.

Next, as shown in FIGS. 13A and 13B, a photoresist pattern
150 1s formed over the substrate 200. The photoresist pattern
150 forms a mask as shown 1n FIG. 13B. Using this mask, a
second metal layer 160 1s formed over portions of the sub-
strate 200 exposed by the mask. The first and second metal
layers 140 and 160 form the conductive layer 108 and the
conductive line 110.

The second metal layer 160 may be formed to a thickness
o1 1-10 um. In one example embodiment, the combined thick-
ness of the first and second metal layers 140 and 160 1s less
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6

than 10 um. The second metal layer 160 may be formed of Au,
N1, Cu, Pd, Ag, etc., or multiple layers of these metals by
clectro plating, for example.

Afterwards, the photoresist pattern 150 1s removed as
shown 1n FIG. 14 leaving the bump structure 100 electrically
connected to the pad 204. A second passivation layer 180 may
then be formed over the substrate 200 and patterned to expose
the bump structures 100 as shown 1n FIGS. 15A and 15B. The
second passivation layer may be polyimide, BCB, PBO, pho-
tosensitive resin etc., and may be applied by a spin coating
Process.

The bump structures and method of fabrication described
above may be applied to any technique 1n which bumps are
used such as tape carrier package (TCP), chip on film (COF),
and chip on glass (COG). Also, the bump structures and
method of fabrication described above may be applied to the
manufacture of any semiconductor chip or package (e.g., a
liquad crystal display (LCD) drniver integrated circuit (IC)
package).

The mvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the invention, and all such
modifications are itended to be included within the scope of
the mvention.

We claim:

1. A method of forming a semiconductor device, compris-
ng:

forming a plurality of bump structures arrayed along a

substrate 1n a first direction, each bump structure having,

a width 1n the first direction greater than a pitch gap
between successively arrayed bump structures, and at
least one bump structure having a sidewall facing 1n the
first direction that 1s non-conductive; and

forming a conductive metal line including first and second

metal layers, wherein after a photoresist mask i1s formed
over the first metal layer, the second metal layer is
formed over the portions of the substrate exposed by the
photoresist mask, and each bump structure has one non-
conductive sidewall facing in the first direction and one
conductive sidewall facing 1n the first direction such that
the conductive sidewall does not face the conductive
stdewall of another bump structure.

2. The method of claim 1, wherein at least a bump structure
ol the plurality of bumps 1s disposed oifset from one another
in a second direction along the substrate.

3. The method of claim 1, wherein the first metal layer 1s
formed by a PVD process, and the second metal layer is
formed by electroplating.

4. The method of claim 1, wherein the forming a plurality
of bumps step comprises:

spin coating a bump material on the substrate; and

patterning the bump material to form the plurality of

bumps.

5. The method of claim 4, wherein each bump includes one
ol a polyimide, benzo cyclo butane, poly benzoxazole, and
photosensitive resin.

6. The method of claim 4, wherein the patterning step
forms the plurality of bumps such that each bump has a width
of 10 to 50 um.

7. The method of claim 4, wherein the patterming step
forms the plurality of bumps such that each bump has a height
of 2-30 um.

8. The method of claim 1, wherein the first metal layer has
a thickness of 0.05 to 1 um, and the second metal layer has a
thickness of 1 to 10 um.

9. The method of claim 1, wherein the first metal layer
includes at least one of T1W, Cr, Cu, T1, N1, N1V, Pd, Cr/Cu,
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T1W/Cu, TiW/Au, and N1V/Cu, and the second metal layer least one bump structure having a sidewall facing in the
includes at least one of Au, N1, Cu, Pd, Ag, and Pt. first direction that 1s non-conductive,
10. The method of claim 1, wherein the forming a conduc- forming a conductive metal line including first and second
tive line step comprises: metal layers, wherein after a photoresist mask 1s formed
forming the first metal layer; and 5 over the first metal layer, the second metal layer 1s

formed over the portions of the substrate exposed by the
photoresist mask, and the array of bump structures alter-
nate from a first type to a second type, the bump structure
of the first type has two oppositely facing non-conduc-

clectroplating the first metal layer with a second metal
layer material to form the second metal layer.

11. A method of forming a semiconductor device, compris-
ng:

_ _ 10 tive sidewalls that face in the first direction, and the
forming a plurahty O_f buplp structures arrayed along d bump structure of the second type has each sidewall
substrate 1n a first direction, each bump structure having, being conductive.

a width 1n the first direction greater than a pitch gap
between successively arrayed bump structures, and at %k k% ok
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